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The  c'J'ture  of  Ac-oes  ae':v.'ei  -.-es  cht'.’i.nea  frorr:  the  Inetitutc  of  Medicaj 
^rasitolo;-;;/  ani  Tropical  Medicine  irconi  Ya.  I.  Martsinovskiy  of  the  Ministry 
of  Public  Health,  UoEIi.  The  ir.osquitoes  '..'erc  rr.aintaincd  at  a  temperature  of  27^ 
and  a  relative  v^umid -i  +  y  of  B0-9Cp.  Their  infection  by  the  virus  vas  caused  by 
their  feediipq  on  infected  rr.ice  or  through  an  anival  membrane  -  on  the  skins  of 
mouse  tails  filled  vith  a  mixture  of  virus  v;ith  the  defibrinated  blood  of  a 
rabbit  or  s  mouse  in  the  rat:’’o  of  1:1.  The  virus  contain  in  the  suspension 
comprised  10""  -  10  conventional  biolopicel  units  /'!/  (CEU)  in  0.2  ml. 

Table  1.  Genetic  criteria  of  clones  of  VSE  virus. 
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Key  to  Table  1.  a)  clone;  b)  oriGin;  c)  genetic  characteristics 
e)  "spontaneous”  mutant;  f)  induced  mutant 

Cesignaticr.s :  i/c  and  i/i5  -  pathcgenicity  for  ’..-bite  mice  during  intra- 
cerebrai  and  intraperitcr.cai  infection.  The  value  of  lgLD^Q(?,  subscript  ille- 
gible)(0.2  ml  vhen  titrating  for  m.ouse  viruses  containing  from  2  to  8  x  10°  CB'J 


in  0.2  ml).  S  is  the  plaque  size  (in  mm). 


The  average  diam.eter  arn 


-  V 

the  mean  error  are  given;  T,  is  the  resistence  to  vormir.g  at  60  .  The  total 

oO 

inactivation  tim.c  of  5  TC^  C3U  of  the  virus  is  given  in  m.inutes. 

For  the  determination  cf  virer.ia,  tiv.-  blood  from  mice  or  1-2  hamsters, 
or  guinea  pigs,  vas  collected  in  a  test  tube  vith  genarin,  the  prescribed  ele¬ 
ments  v.’ere  precipitated,  and  virus  vas  titrated  in  the  fluid  above  the  precipi¬ 
tate  by  the  plaque  method.  The  accumulation  and  d^T^amics  of  multipli¬ 

cation  cf  the  virus  in  m.ccquiuojs  ■.-"s  studied,  cs  veil  as  the  presence  cf  virus 
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in  the  muc-Dcn  glandb  and  its  transmission  via  bite. 

Quantitative  determination  of  the  virus  in  mosquitoes  was  conducted  by 
titrating  a  suspension  from  mosquito  bodies.  In  each  test  tube,  8-15  specinens 
were  combined,  .after  rinsing  in  physiological  solution  with  antibiotics,  they 
were  transferred  into  a  crude  porcelain  beaker  and  were  crushed  to  a  honoger.eous 
mass,  then  physiological  solution  was  added  on  the  basis  of  0.1  ml  per  mosquito. 
After  centrifuging  for  15  minutes  at  2000  RPM,  the  liquid  above  the  precipitate 
was  used  fer  titration  by  the  plaque  method  ^  considering  tl.is  seep 

sion  to  be  the  initial  undiluted  material. 

The  presence  of  a  viral  antigen  in  salivary  glands  was  determined  by  the 
m.ethod  of  immunofluorescence.  Ascitic  fluid  Lmrune  to  the  VES  virus,  conjugated 
with  fluorescin  thiocyanate,  vmis  used  as  the  labelled  antibodies.  The  virus 
antigen  was  isolated  by  means  of  the  direct  method  of  fluorescence  against  the 
contrasting  background  of  nonspecific  luminescence  by  beef  albumin,  labelled 
by  rhodamine  sulfof luoride.  Staining  the  mucous  glands  was  based  on  the  method 
used  by  Takahaci  of  the  National  Institute  of  Public  Health  in  Tokyo.  The  iso¬ 
lated  mucous  glands  were  fi.xed  on  a  slide  in  acetone  for  10  minutes,  vers  dried, 
stained  by  labelled  serum,  and  were  contrasted  by  rhodamine-labelled  alburein. 
During  staining  and  contrasting,  the  preparation,  together  with  the  applied  niu- 
ture  of  conjugated  globulin  and  albu.min,  was  carefully  covered  by  a  cover  glass, 
was  placed  in  c  moist  chamber,  and  was  left  18  hours  for  contact  at  a  ter.peratvr; 
of  4°.  Thereafter,  without  removing  the  cover  glass,  the  preparations  were 
thoroughly  rinsed  by  a  phosphate  buffer  solution  with  pK  7*2  by  means  of  under¬ 
coating  and  suction  of  the  liquid.  After  rinsing,  the  preparations  were  rcaey 
to  be  studied  in  a  luminescent  microscope  at  a  magnification  of  10  x  4o. 
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In  e:-cneri.’.'ents  on  the  infection  of  rr.ocquitoes  by  fecainc  on  infected  mice, 
it  was  cstablishe;;  that  not  each  of  the  stndiej  viruses  is  transmitted  by 
arthropods  from  infected  animals,  '..hereas  after  i..eaing  on  nice  infected  by 
an  uncloned  "wild"  virus  and  highly  virulent  clones  5  atid  3/5?  the  virus  was 
isolated  regularly  from  the  carriers,  a\'irulent  clones  53  ^6,  as  well  as 

weakened  clone  17,  could  not  be  isolated  fi-or.  mosquitoes  (Table  2). 

Hlnce  ■'■enkenel  and  avirurent  va’-iant'  cl  the  ’'Irus,  --hich  were  not  tr-ns- 
nitted  from  infected  mica  by  the  cai'ricrs,  caused  low  vlrer.ia  in  -white  mice 
(see  Table  2),  as  well  as  in  young  hamsters ,  guii.ea  pigs,  and  rabbits,  it  was 
of  interest  to  determine  tl'.e  m.ininal  con.tc-nt  of  the  virus  in  mouse  blood,  at 
which  infection  of  the  carriers  still  takes  place.  3-uch  a  threshold  value  of 
viremia  for  clone  355  ’’-2?  2  x  10^  CEU/c.?  ml,  for  clone  5  it  was  6  x  10^  CBU/ 
0.2  ml,  and  for  the  ur.clonea  virus  it  was  9  z  10^  CBu/O.2  ml.  The  ir.aximuin 
value  of  viremia  caused  by  avirulcnt  clones  53  2nd  5o,  as  well  as  by  weakened 
clone  17,  did  not  reach  this  threshold. 

Table  2.  IsoJ.ation  of  the  VZE  virus  from.  Aedes  aeqp.-pti  mosquitoes  after 
feeding  on  mice  infected  by  different  virus  variants 
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Key  to  Table  2;  a)  virus;  b)  uncloned;  c)  clones:;  d)  vireniia  in  donor  nicc^ 
CBU/O.2  ml;  e)  presence  of  virus  in  mosquitoes;  f )  time  after  feedir.s  (in  veelis 
g)  no  feeding  '/rats  conducted 

Unsuccessful  attempts  to  isolate  the  virus  fro.a  mosquitoes  after  feeding 
on  mice  infected  by  avirulent  and  veakened  virus  vere  not  linked  to  the  fact 
that  these  variants  cannot  multiply  in  carriers  at  all,  but  vere  caused  merely 
by  the  low  content  of  virus  in  the  blood  of  the  donor  m.ice  and,  consequently, 


by  an  insufficient  inf eel 


:he  m.ice  ’..'ere 


througli  an  animal  membrane,  infection  of  the  carriers  and  multiplication  of  the 


virus  was  observed  independently  of  the  genetic  properties  of  the  virus .  More¬ 
over,  a  virulent  (uncloned  virus,  clones  3/5  and  5)  and  an  avirulent  virus 
(clones  53  and  56)  were  accumulated  in  the  mosquito  organism  in  various  quanti¬ 
ties.  A  veakened  virus  (clone  17)  multiplied  intensively  in  miosquitoes  (its 
content  reached  titers  that  are  characteristic  of  the  virulent  variants  (see 
figure) . 


Figure:  accumulation  of  VES  virus  in  Aedes  aegypti  mosquitess. 
solid  line  -  feeding  on  infecoed  micej 
dotted  line  ^  throu.?h  r.ombrar.c. 

-  vircmla  in  donor  nice  or  vi^-us  content  ir. 
the  suspension  fed  to  the  m.osquitooc ,  i:. 

C3U/0.2  ml;  3/5,  5,  17^  53,  and  5c  -  clone 
num.ber;  H.  B.  -  uncloned  virus. 
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Key  to  figure:  a)  Ig  CBU/O.2  ml;  b)  weeks  after  infection 

Not  only  quantitative,  but  also  qualitative  differences  between  natural 
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virus  variants,  existing  in  nature,  and  those  obtained  in  the  laboratory,  wore 
observed  during  multiplication  in  mosquitoes.  Although  the  modified  virus 
(clones  53  and  5^)  did  multiply  in  mosquitoes,  it  did  not  penetrate  into  the 
mucous  glands  (virus  antigen  was  not  detected  in  mucous  glands  by  the  immuno¬ 
fluorescence  method).  In  biological  experimentf  the  virus  was  not  transmitted 
by  bite  (Table  3)*  ^  experiments  -with  natural  variants  of  the  virus  (clones 

17>  3/5>  and  the  uncloned  virus),  a  specific  virus  antigen  v/as  detected  in 
the  mucous  glands;  this  testifies  to  the  penetration  of  virus  into  the  m.ucous 
glands  and  its  multiplication  in  the  cells  of  this  organ.  The  luminescence  of 
the  antigen  accumulating  in  the  cells  of  the  mucous  glands  was  of  a  bright 
yellow-green  color.  Control  glands  and  gland  sectors  of  infected  mosquitoes, 
not  containing  the  virus  antigen,  had  an  intense  red-orange  color.  The  infected 
mosquitoes  transmitted  the  infection  to  mice  by  bite  (see  Table  3). 

Table  3*  Capability  of  natural  and  modified  variants  of  VEE  virus  for 
multiplying  in  the  mucous  glands  and  being  transmitted  by  the  bite  of  infected 
Aedes  aeg.^ti  mosquitoes 
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Key  to  Table  3:  a)  virus;  b)  unclcnea;  c)  clones:;  d)  r.ultisl.icaticn  of  v:*u.; 
in  mosquitoes  ;  e}  presence  of  virus  antigen  in  ”;uccus  ti'Iands';  f)  transr.iss:' : 

by  bite^ 

Footnote^:  Determined  periodically  within  a  period  from  one  to  cir;ht  vrce 
after  infection  of  mosquitoes. 

Designations:  4-  all  tests  positive;  -  negative. 

Discussion 

j’e  conducted  the  oncer ir ants  on  laboratorv  2"i'.'a  s  ul-t  '■'•e  »'ct  r^t  u"  ' 


hosts  of  the  virus,  and  on  Aedes  aegypti  mosquitoes,  which  are  not  included 
among  the  carriers  cf  the  virus  in  the  principal  foci  of  infection.  Neverthe¬ 
less,  the  attained  experimenxal  data  make  it  possible  to  express  some  sunnesi- 
tions  concerning  the  factors  which  exert  an  influence  upon  the  genetic  composi¬ 
tion  of  the  VZE  population  circulating  in  nature. 

High-virulent  variants  of  the  virus,  which  in  our  experiments  were  the  ’.r:- 
cloned  virus  and  clones  3/5  and  5^  caused  high  viremia,  sufficient  for  infeetj;:. 
of  the  carriers;  they  penetrated  into  the  mucous  glands  and  were  transmitted  ■ 
bite.  The  circulation  cycle  of  the  virus  in  the  studied  experimental  syate*. 
was  completed;  a  continuous  cycle  of  the  causative  agent  v;as  provided  for.  ks i- 
ified  variants,  avirulent  for  white  mice  (clones  53  and  5o),  did  not  possess  u'.. 
capacity  for  circulation,  since  they  caused  a  viremia  that  was  too  low  for  in¬ 
fecting  the  carriers,  '.-.'ith  experimental  infection  of  the  carriers,  these  var¬ 
iants  of  the  virus  did  not  accumulate  in  the  mucous  glands  and  were  not  trar.s- 
nitted  by  bite.  Although  a  weakened  variant  of  the  virus  (clone  17)  was  trar..'- 
mitted  by  bite,  it  was  also  incaj-'able  of  circulation,  since  it  caused  a  vir  ;.  ' 
that  was  insufficiently  intense  for  infecting  the  carriers.  The  incaaacitv  cf 


this  weakened  virus  variant  for  circulation  evokes  particular  interest,  sine,- 


it  is  not  an  induced  virus,  obtained  in  laboratory,  cut  is  a  "scent:  n^c. 
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mutant  present  in  the  virus  population.  It  is  entirely  probable  'chat  vhen  such 
variants  appear  in  the  primary  hosts  or  in  the  carriers  under  natural  conditions 
during  multiplication  of  the  virus,  they  can  not  be  transmitted  to  the  mosqui¬ 
toes  and  are  t’^erefc'-e  incapable  of  displacing  the  predominant  genotypes. 

Thus,  it  can  be  supposed  that  circulation  of  the  weakened  v<ariants  of  Viln 
virus  under  natural  conditions  is  interrupted  at  the  stage  of  tra:  mission  from 
the  primary  host  to  the  carrier,  while  circulation  of  the  mutants  that  are 
avirujent  to  white  nice  is  interrupted  both  at  the  stage  cf  transmission  to  the 
carrier  and  at  the  stage  ox’  trensmisslOii  froiii  tht.  carrier.  By  virtue  of  the 
biological  advantages  noted  here,  the  pathogenic  virus  is  transm.itted  from  the 
primary  hosts  to  the  carriers  and  conversely,  completing  the  circulation  cycle 
without  hindrance.  The  obtained  data  make  it  possible  to  explain  the  fact  that 
although  VEE  virus  strains  that  are  isolated  in  nature  do  vary  antigenetically, 
with  respect  to  plaque  size,  and  with  respect  to  some  other  characteristics  they  do 
not  differ  essentially  with  respect  to  the  degree  of  pathogenicity  and  belong 
to  the  "wild"  hi^ly  virulent  variants  of  the  causative  agent.  Naturally 
attenuated  variants  of  the  VEE  virus  xrere  not  discovered  in  natural  infection 


Summery 

.Mulliplica'.ion  ii;  AC’d>-s  ::: '^t  clones  of  W'ne/eioian  i-iiiiine  c 

tnyelUis  \irus  (Ni  l.)  with  v.ir; nj;  p.iiitnocnicttv  lor  wltito  mice  as  well  as  liici 
to  accimtulate  in  s/.hcary  cian.s  ami  .>,•  trjiisei.ttc.!  by  bile  were  ste  bed  e»;:;r 
Natural  Mfu.Ci:;  v.Tr-.anls  oi  \  ;:L  viri;s.  m  c  Mitr.isl  to  m.iuceij  niinants  .i\:; 
white  mice.  mtiitip..e'ij  ititensivciv  r.t  ,.Ua;es  ceoat'.'i  mo^.jiiitocs  acctTiiiia'ed  i" 
elands  and  were  t-.ii:em;i;eO  by  D:;..,  T:;c  .hstmctivo  pro; vrte  of  virv  eiu  v  ,r: 

fi*  .  1.^  U*'  ::sivi'  virimia  l.te  experimental  exMenee 

that  lite..o  0.0. ..^.c  ^r  pert.es  .e  xir  r.er.t  v,,r;.:r.*,s  ni.iy  tr,e;r  c 

in  na^turc  and  prev„  ci  ee  m  tite  n.iiurai  p.. -.liatLsn  .ii  Vilti  xirns.  in  hieed  m.; 

not  adtipt-ed  to  cwster.cc  under  natural  con.tit.ons  s..", 
multiplicaiion  in  vcc.crs  they  do  not  penetrate  into  salivarv  pianos  .md  are  not  ;r 
by  bite,  and  durinp  muitip.icalion  m  niici  tneir  amount  in  ;he  blood  is  not  su:'; 
mlection  oi  vectors.  Low  viremia  also  iimits  circulation  oi  "spontaneous"  mat 
low  pathogenicity. 
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